Purpose Spiritual well-being (SWB) among lung cancer survivors has not been well-delineated. Additionally, little is known about how SWB is affected over the trajectory of the disease process. The aims of this study were to examine the SWB of individuals with a diagnosis of lung cancer, to assess the stability of SWB over time, and to identify the factors associated with SWB. Methods A prospective cohort of patients with lung cancer first seen at the Mayo Clinic over a 10-year period of time was included in this study. Study entry was at the time of diagnosis or referral to the Mayo Clinic, and participation involved annual survey using the Functional Assessment in Chronic Illness Therapy-Spiritual Well-being, Medical Outcome Short Form 8, and Quality of Life (QOL) Linear Analog Scale Assessment. Associations were explored using Fisher's exact test, chi-squared test, Kruskal-Wallis test, and Spearman correlations. Linear regression was used to explore multivariate relationships. Results There were 1,578 participants over a 10-year period of time. Group SWB scores were relatively high and stable over a 10-year period of time (x ¼ 77:1 À 79:3, standard deviation= 14.47-18.46, possible scale of 0-100). However, individual scores varied widely across almost the entire scale (2.1-100) and revealed a chaotic trajectory for SWB. Males, current smokers, and those with higher pack-years experienced lower SWB compared to females, nonsmokers, and those with lower pack-years (p<0.0001, 0.0455, and 0.0004, respectively). SWB was strongly associated with overall QOL. Conclusions SWB is an individualistic experience that can change dramatically over time for cancer survivors. Ongoing assessments are important.
Introduction
A diagnosis of lung cancer threatens one's physical wellbeing as well as one's overall quality of life (QOL). Spiritual well-being (SWB), as one aspect of QOL, has received little attention in cancer survivors and even less empirical attention in lung cancer survivors. The research that exists on lung cancer survivors has focused on the spiritual needs identified by patients [1] , spiritual coping [2] , and end-oflife SWB [3] . A few studies examined the associations between spirituality or prayer and psychological [3] [4] [5] [6] and physical responses [3, 4, 7] .
While there is no consensus on the definition of SWB, it is generally identified as multidimensional that includes the concepts of faith, meaning of life, and peace of mind. SWB has been identified by lung cancer survivors as an important dimension affecting their QOL [2] and has been found to be a predictor of emotional difficulties including depression [6] and hopelessness [5] . These are important constructs clinically as both depression and hopelessness were found to be predictors of a desire for hastened death [5] . In contrast, high SWB and identifying meaning in life have been shown to be associated with high psychological well-being and lower symptom distress [4] . A component of SWB, faith, has been found to have a positive association with lung cancer survivors' tumor response rate and an increased level of post-chemotherapy lymphocytes [7] . Taken together, these findings all demonstrate the significance of SWB in lung cancer survivors, yet little is known about how SWB is affected over the trajectory of this disease process.
The aims of this study were to explore the SWB of individuals with a diagnosis of lung cancer, to examine the potential changes in SWB over time, and to identify the factors associated with SWB.
Methods
Since January 1, 1997, all patients with pathologically confirmed lung cancer at Mayo Clinic Rochester who agreed to participate (over 90 %) [8, 9] signed a consent form and completed surveys at baseline and at 6 and 12 months and then were followed up annually by mailed survey. The trained study staff obtained informed consent for research in the clinic setting before or after the scheduled appointments. Trained abstractors reviewed the medical records for demographic data, cancer-related information, tobacco use and exposure, and treatment. This study, part of a larger epidemiology study [8, 9] , was approved by the Mayo Clinic Institutional Review Board.
Instruments QOL data were collected using the Functional Assessment in Chronic Illness Therapy-Spiritual (FACIT-Sp) to measure SWB, a QOL Linear Analog Scale Assessment (LASA) scale to measure overall QOL, and the Medical Outcome Short Form 8 (SF8) that measures the various dimensions of QOL. The FACIT-Sp is comprised of 12 items that focus on meaning, peace, and faith with demonstrated reliability and discriminate and convergent validity [10] [11] [12] . Cronbach's alpha for the FACIT-Sp was 0.84 to 0.91 across measurement times in our study. The SF8 is comprised of eight questions that measure physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health [13, 14] . Cronbach's alpha for the SF8 was 0.91 to 0.94 across measurement times in our study. The QOL LASA was anchored by 0="as bad as it can be" and 100="as good as it can be." This scale has been used in clinical trials involving oncology patients and demonstrated to be prognostic for survival [15] [16] [17] . Smoking status was defined as "never smoked," smoking <100 cigarettes in their lifetime; "former smoker," not smoking in the last 30 days; and "current smoker," those who smoked in the last 30 days.
Statistical approach QOL LASA scores ranged from 0 to 100, SF8 scores were normed with a mean of 50 and standard deviation (SD) of 10, and FACIT-Sp scores were converted to a scale of 0-100. All scales were scored so that high scores represented favorable aspects of the measured concept. Associations between demographics and FACIT-Sp scores were compared using Fisher's exact tests and chi-squared tests for categorical variables and Kruskal-Wallis tests for ordinal variables. Correlations between FACIT-Sp, SF8, and QOL scores were tested using Spearman correlations. Linear regression models were used to explore multivariate relationships between SWB and demographics. Percentages of participants experiencing difficulty with specific FACIT-Sp items were determined by grouping "not at all," "a little bit," and "somewhat" together and "quite a bit" and "very much" together. A minimal important difference was determined using an SD of 0.33 [18] . With 1,578 patients, correlation coefficients could be estimated to within 0.03 with 95 % confidence, and proportions could be estimated within 2.5 % with 95 % confidence. In this sample, tests for differences in proportions between males and females would have over 90 % power to detect differences of 9 % using two-sided tests with a 5 % type I error rate.
Results

Patient characteristics
For this cohort study, data from 1,578 unique patients were included at various time points after their cancer diagnosis, with study entry being their first visit for lung cancer at the Mayo Clinic. A total of 531 patients provided data 1 year from diagnosis, with numbers decreasing with increased time from diagnosis. Approximately a third of the patients provided data for only one time point, the remainder provided data for up to four time points. Patients ranged in age from 18 to 93 years at the time of their lung cancer diagnosis (mean age of 65.6 years), 52 % were male, 93 % were Caucasian, 54 % were former smokers, and 29 % current smokers (see Table 1 for details). SWB SWB of the entire cohort was high and stable over the 10-year period of time (x ¼ 77:1 À 79:3, SD=14.47-18.46, possible scale of 0-100) (see Fig. 1 ). However, the range of scores was wide and consumed most of the scale (2.1-100), with 63 % (N=995) having initial scores ≥70, 11 % (N=173) scores ≤50, and the remainder with scores between 51 and 69 (N=410). Examining patients' worst score, the mean score was favorable at 73.3 but also consumed most of the scale (2.1-100), with an SD of 17.7 points. Participants' mean SWB score change was small, −0.2; however, the SD of 11.7 and change score range of −75.0 to 66.7 were large enough to warrant concern. Additionally, in contrast to stable group scores, a stream plot of individual scores from one measurement point to the next revealed a chaotic picture in which individual scores change over time (see Fig. 2 ).
Exploring the individual FACIT-Sp items, the vast majority of individuals felt life had been productive (84-92 % across time points) and that they had reason for living (87-94 % Individuals who never smoked experienced the most favorable SWB, followed by former smokers and those doing the worse, current smokers. Forty-three percent of the current smokers reported SWB scores ≤70 and 14 % a score ≤50, while 35 % of the former smokers reported SWB scores ≤70 and 10 % a score ≤50. In contrast, 33 % of the never smokers reported SWB scores ≤70 and 8 % a score ≤50.
Higher pack-years were also associated with lower SWB scores. Individuals with SWB scores ≥70 had mean pack-years of 45.0 (SD=30.16), those with SWB scores from 51 to 69 had mean pack-years of 48.5 (SD=28.02), and those with SWB scores ≤50 had a mean of 53.7 (SD=31.47) pack-years (see Table 2 ).
Individual's worst reported SWB was not associated with age at diagnosis, educational status, lung cancer type, tumor stage or grade, status of metastasis, or type of treatment. Additionally, SWB was not prognostic, with no significant difference between the SWB of those who survived and those who died within the year after completing their surveys.
SWB scores were modeled via linear regression using age at diagnosis, gender, smoking status, and pack-years as independent variables. In this model, only smoking status was not related to SWB score. Females were, on average, 4.3 points higher than males (p<0.0001), older patients had higher SWB scores (mean increase of 0.10 points for every year increase in age, p = 0.03), and higher pack-years were associated with lower SWB (mean decrease of 0.04 points for every year increase in pack-years).
Associations between SWB, overall QOL, and QOL dimensions We found SWB after 5 years of post-lung cancer survival to be strongly associated with overall QOL (Spearman correlation, r=0.52) and moderately associated with the QOL components mental health (r=0.44), role function (r=0.42), vitality (r=0.34), general health (r=0.33), and social function (r=0.30). Low correlations were found between SWB and the two QOL dimensions physical function (r=0.29) and bodily pain (r=0.24). Changes in QOL between years were positively correlated with changes in SWB. These correlations ranged from 0.17 to 0.42 and were higher in the years farther removed from initial diagnosis and treatment. 
Discussion
While the SWB of the cohort is relatively and consistently high as a group over time, there was remarkable variance in some individuals' scores over time. Males, current smokers, and those with higher pack-years experienced lower SWB compared to females, nonsmokers, and those with lower pack-years. SWB was strongly associated with overall QOL with mental health and role function being the QOL components most highly associated with SWB. High SWB scores have been found in lung and other cancer populations [19, 20] . The stream plot in this study shows a vivid picture of the chaotic trajectory that SWB takes with this population. While the majority of these scores are 70 or above on a scale of 0-100, there are obvious ups and downs in individuals' SWB. These findings provide impetus for the exploration of factors associated with changes in SWB and underscore the necessity of conducting ongoing assessments of SWB in the clinical setting. Additionally, with a significant portion (20-25 %) of patients experiencing difficulty with items that reflect purpose in life, peacefulness, and comfort/strength from spiritual beliefs, there is a need for spiritual intervention. Patients themselves have expressed interest in receiving spiritual information [21] . Various spiritual interventions have been identified as being helpful including prayer, centering prayer [22] , meditation, journaling, life review, chaplain/pastoral visits, and building spiritual awareness [23, 24] .
Like others, we have found SWB to be different in males and females [25] [26] [27] [28] , with males experiencing lower levels of SWB. Understanding these differences can affect the success of interventions. It has been suggested that women are higher than men on the spiritual constructs of belonging, meaning, hope, spiritual connection, and praying for one's health [25] [26] [27] [28] . We also found more men's worst score to reflect difficulty with meaning and spiritual connection as evidenced by significantly lower scores than women on the SWB items life lacks meaning (30.4 and 24.2 %, respectively), comfort in spiritual beliefs (33.7and 20.9 %, respectively), and strength in spiritual beliefs (34 and 21.2 %, respectively). Potential interventions that address SWB difficulties in males may include spiritual support through a religious community or the medical system. Assisting the individual to identify ways to enhance relationships with family and friends may be a means to reinforce meaning in life.
We did not find other research that explored the relationship between SWB and smoking in individuals with lung cancer. In related research, well individuals with a high level of SWB were less likely to use tobacco [29] [30] [31] . Research focused on persons with lung cancer revealed that nonsmokers had a higher level of QOL than smokers [32, 33] and a negative association between religious activity and smoking [34] . Others have identified an association between spirituality and healthy lifestyles [35] . These associations may suggest an overall approach to life in which individuals undertake activities, such as spiritual and healthy lifestyle approaches, that enhance their well-being. Thus, focusing on interventions that incorporate a holistic approach to enhancing well-being may be important.
Our finding that current smokers have the lowest SWB reveals an important population in need of intervention. While the mechanisms behind this finding were not explored, it is possible that smoking may be related to self-blame or guilt about smoking and its relationship to lung cancer. Additionally, smoking may be the main coping mechanism used by a number of these individuals. Interventions aimed at building other coping mechanisms while undergoing smoking cessation interventions may be useful for both smoking cessation and increased SWB. Support from others may provide the needed nurturance to adapt new coping mechanisms and enhance wellbeing. Spiritual support has been shown to have a positive association with patient QOL [36] [37] [38] . Good relationships with family and others have been identified as essential for finding meaning and hope [39] . Attributional theory may provide guidance for interventions that assist with smoking cessation and lessening blame. Interventions aimed at cognitive appraisal of the situation as controllable, changeable, and a result of the person's behavior has been identified as promoting behavior change. Interventions focused on seeking forgiveness have been identified as lessening blame [40] .
Like others, we found SWB to be associated with QOL [19, [41] [42] [43] . In this lung cancer population, SWB was associated more strongly with mental health, ability to perform roles, vitality, perceived general health, and social function. The association between SWB and QOL is likely multifaceted, including a systems theory perspective in which each aspect of an individual, such as SWB, influences other aspects, such as overall perceived QOL. Spirituality is also seen as a coping mechanism [43] . Increased use of spirituality as a coping mechanism contributes to the enhancement of SWB, favorable adjustment, and consequently, favorable QOL.
We found that SWB in the last year of life was not prognostic of those who died in the subsequent year. With the significant variations in SWB over time, exploration of the prognostic ability of SWB in the last month of life may reveal different findings. We also found that changes in SWB were more strongly associated with changes in QOL in years farther removed from initial diagnosis. These findings may suggest that SWB and QOL change in concert with each other only once the individual has adapted to their diagnosis. Weisman and Worden [44] referred to the period of time after a diagnosis of cancer as existential plight in which there is a predominance of life and death concerns and worries about health. These overriding concerns may prevent the person from adjusting to a new normal which is needed for stabilizing the various aspects of their being.
Further research focusing on the relationship between QOL and SWB is warranted.
Strengths of this study include the large sample size and the longitudinal assessment of individuals over a 10-year period of time. Limitations to this study includes that this represents a Caucasian population and only 20-25 % of the overall group responded at any given time point. Additionally, as identified in other follow-up studies of lung cancer patients, it is likely that individuals with more severe disease and higher mortality are underrepresented [45] [46] [47] [48] [49] .
Conclusions
While group-averaged SWB may reflect that SWB is static, individual patient SWB data reveal that is not uniformly the case, underscoring the need for ongoing assessment of SWB. Males, current smokers, those with a high number of pack-years, as well as those with impaired mental health or role function may be particularly vulnerable for poor SWB.
